Several of the participating hospital does not allow that data are made available in the public domain. The real-life data, on which the analyses are based, are retrieved from local quality registries some of which have time limits requiring data to be deleted after a given number of years. Data is available at request. Please contact Ingunn Melkeraaen, Infectious Disease Department, Akershus University Hospital, 1478 Lørenskog. Norway, E-mail: <Ingunn.Melkeraaen@ahus.no>, or Dalgard O (<odalgard@medisin.uio.no>).

Introduction {#sec005}
============

Approximately 100,000 individuals are infected with hepatitis C virus (HCV) in Scandinavia (Denmark, Finland, Norway, Sweden) of whom 50% have genotype 3 \[[@pone.0179764.ref001], [@pone.0179764.ref002]\]. Patients with HCV genotype 3 seem to have a more rapid progression to cirrhosis and its complications than patients infected with other genotypes \[[@pone.0179764.ref003]\].

Since 2011 new direct acting antivirals (DAAs) against HCV have been available \[[@pone.0179764.ref004]\]. The first generation protease inhibitors lacked effect against genotype 3 whereas the nucleotide analogue NS5B polymerase inhibitor sofosbuvir (SOF) had pan-genotypic activity including effect on genotype 3 \[[@pone.0179764.ref005]\] \[[@pone.0179764.ref006]\]. SOF given during 24 weeks in combination with ribavirin (RBV) for genotype 3 infections offered sustained virologic response (SVR) 12 weeks after end of treatment (SVR12) in 90% of non-cirrhotic patients but in only 60% in cirrhotic patients \[[@pone.0179764.ref007]\].

In vitro studies with the NS5A inhibitor daclatasvir (DCV) also indicated high efficacy against all genotypes including genotype 3 \[[@pone.0179764.ref008]\]. In the ALLY-3 study SOF+DCV without RBV was given for 12 weeks and yielded SVR12 in 94% in non-cirrhotic genotype 3 patients but only in 63% of those with cirrhosis \[[@pone.0179764.ref009]\]. In the ALLY-3+ study, SOF+DCV+RBV was given for 12 or 16 weeks, to treatment naïve and experienced patients with stage F3-F4 fibrosis, and SVR was achieved in 31/36 (86%) of F4 patients with no improvement with treatment prolonged to 16 weeks \[[@pone.0179764.ref010]\].

A second NS5A inhibitor, ledipasvir (LDV) has been combined with SOF in a fixed dose combination (FDC) tablet, administered once daily. This therapy is highly effective against HCV genotype 1 infections, also in cirrhotic patients \[[@pone.0179764.ref011]\]. Little data have been published for genotype 3 infections, but both in vitro studies and phase 2 studies indicate that LDV is less effective than DCV in genotype 3 infections \[[@pone.0179764.ref012], [@pone.0179764.ref013]\].

The aim of this study was to document the effect of sofosbuvir based regimens in patients treated for HCV genotype 3 infection in a real life setting in Scandinavia.

Materials and methods {#sec006}
=====================

This retrospective, multicenter cohort study included HCV genotype 3 infected patients ≥18 years of age old who had received at least one dose of SOF in Denmark, Norway, Finland or Sweden. Organ transplanted and HIV or HBV co-infected patients were excluded. If patients had received treatment with a SOF containing regime more than once, only the first treatment was included in the present analysis. In Sweden the Regional Ethical Review Board, Stockholm, Sweden (Regionala etikprövningsnämnden i Stockholm) and Regional Ethical Review Board, Gothenburg, Sweden (Regionala etikprövningsnämnden i Göteborg) reviewed to the study and granted permission. In Denmark the Danish Data Protection Agency approved the collection of data (jnr. 1-16-02-453-12).

The institutional review boards (IRBs) at each of the participating study centers in Norway and Finland (Akershus University Hospital; Sørlandet sykehus, Arendal; Stavanger University Hospital and Vestre Viken, HF, Drammen, Norway and Helsinki University Hospital, Finland) approved the study.

Treatment {#sec007}
---------

The following treatment regimens were used according to national guidelines and/or availability of DAA drugs: 1) SOF + RBV for 24 weeks, 2) SOF + DCV +/-RBV for 12--24 weeks, 3) SOF/LDV +RBV for 12--24 weeks or 43) SOF + RBV + pegylated interferon alpha (peg-IFN-α) for 12 weeks.

Virology {#sec008}
--------

Virologic analyses were performed at the local laboratories. Plasma HCV RNA was determined using Cobas AmpliPrep/COBAS TaqMan HCV Test (Roche Diagnostics, Branchburg, NJ), which quantifies HCV RNA with a limit of detection (LOD) of 15 IU/mL or Abbott RealTime HCV with a LOD of 12 IU/mL (Abbott GmbH, Wiesbaden, Germany).

Viral genotype was determined with a hybridization technique (VERSANT HCV Genotype Assay (LiPA, Bayer HealthCare LLC, Tarrytown, NY, USA)) or by using a primer specific RT-PCR TaqMan method \[[@pone.0179764.ref014]\] or Sanger sequencing of the C-E1 region of HCV \[[@pone.0179764.ref015]\].

Assessments {#sec009}
-----------

Primary efficacy endpoint was SVR, defined as undetectable HCV RNA 12 weeks after end of treatment (SVR12). Virologic breakthrough during treatment was defined as two consecutive HCV RNA results of more than 1 log~10~ IU per milliliter above the nadir HCV RNA level. Virologic relapse was defined as a detectable HCV RNA level after end of treatment in a patient who had had undetectable HCV RNA during treatment. Non-response was defined as HCV RNA being detectable at the end of treatment in a patient who did not experience virologic breakthrough.

Liver fibrosis was assessed by transient liver elastography (TE) or liver biopsy \[[@pone.0179764.ref016]\]. Fibrosis stage in liver biopsies was staged according to the METAVIR scale \[[@pone.0179764.ref017]\] and median TE level \>12.5 kPa was defined as cirrhosis.

Statistics {#sec010}
----------

The analysis was conducted using the SPSS v.14.0 software package. SVR12 was evaluated in modified intention-to-treat (mITT) population that included patients who received ≥1 dose of a SOF containing regimen but did not include those without virological failure who were lost to follow-up or who died from disorders unrelated to the treatment.

Descriptive statistics were performed with the chi-square test, the paired t-test or the as appropriate

A logistic regression analysis was performed with SVR12 as dependent variable, and sex, age, treatment regime and stage of disease (compensated vs. decompensated liver disease) as independent variables. A two tailed P-value \<0.05 was considered significant.

Results {#sec011}
=======

In total 316 patients with HCV genotype 3 infection were treated; 129 in Denmark, five in Finland, 74 in Norway and 108 in Sweden. Patient characteristics according to treatment regimen are presented in [Table 1](#pone.0179764.t001){ref-type="table"}.

10.1371/journal.pone.0179764.t001

###### Characteristics of patients with HCV genotype 3 infection who received a sofosbuvir containing treatment regime (n = 316).

![](pone.0179764.t001){#pone.0179764.t001g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                All\          SOF+RBV 24 w\   SOF+pegIFN+RBV 12 w\   SOF/LDV+RBV 12--24 w\   SOF+DCV +/-RBV 12--24 w\
                                                                (N = 316)     (N = 33)        (N = 56)               (N = 32)                (N = 195)
  ------------------------------------------------------------- ------------- --------------- ---------------------- ----------------------- --------------------------
  **Mean age--yr**                                              55            55              52                     51                      56

  **Male sex--no. (%)**                                         220(70.1)     23 (69.7)       40 (72.7)              22 (71.0)               135 (69.2)

  **Treatment experienced--no. (%)**                            154 (49.7)    20 (62.5)       23 (41.1)              11 (34.4)               101 (51.8)

  **Cirrhosis--no. (%)**                                        212 (68.2)    23 (69.7)       29(74.2)               22 (73.3)               139 (73.2)

  **Child Pugh--no (%)**[\*](#t001fn001){ref-type="table-fn"}                                                                                

   **A**                                                        148 (45.9%)   11 (33.3)       26 (46.4)              16 (50%)                95 (48.7)

   **B**                                                        29 (9.2)      5 (15.2)        3 (5.4)                3 (9.4)                 18 (9.2)

   **C**                                                        11 (3.4)      6 (18.2)        0                      1 (3.1)                 4 (2.1)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Child Pugh score was available for 188 out of 212 with cirrhosis.

In the mITT population SVR12 was achieved in 285/311 (92%) patients (in 4 patients included in the mITT population follow-up data was only available at 4 week after treatment stop). Among 26 treatment failures, five had non-response, three breakthrough and 18 relapse. Five patients were not included in the mITT population, whereof two were lost to follow-up three died from reasons unrelated to treatment (one died from metastatic colon cancer, one died from liver failure and one died from a peritonitis that was complication to coloscopy).

Predictors of SVR {#sec012}
-----------------

The SVR12 rates were similar across all treatment regimens ([Fig 1](#pone.0179764.g001){ref-type="fig"}). However, the SVR12 rate was lower in men than in women (194/217 (89%) and 90/93 (97%) respectively; p = 0.042). Furthermore, a trend towards a poorer response rate was noted in patients with cirrhosis as compared to non-cirrhotic patients (190/212 (90%) and 95/99 (96%) respectively; p = 0.060). Patients with decompensated cirrhosis (Child-Pugh B or C) had lower SVR12 rates than patients with compensated liver disease (31/38 (82%) and 238/252 (94%) respectively; (p = 0.004)) ([Fig 1](#pone.0179764.g001){ref-type="fig"}). Similarly, increasing liver stiffness was associated with a decreased chance of achieving SVR12 (p = 0.030) ([Fig 2](#pone.0179764.g002){ref-type="fig"}).

![Sustained virological response (SVR) 12 weeks after end of treatment, according to different sofosbuvir based treatment regimens and stage of liver disease in patients with chronic HCV genotype 3 infection (n = 311).\
\*Data on 24 patients with cirrhotic patients is not included due to missing CP score.](pone.0179764.g001){#pone.0179764.g001}

![Sustained virological response (SVR) according to liver elasticity levels in patients with chronic HCV genotype 3 infection, treated with a sofosbuvir based.](pone.0179764.g002){#pone.0179764.g002}

In a multivariate, stepwise logistic-regression analysis, which did not include liver stiffness results, SVR12 in the mITT group was associated with female gender (p = 0.032) and the absence of decompensated liver disease (p = 0.04).

Treatment with SOF + DCV {#sec013}
------------------------

SOF + DCV had been administered to 193/316 (61%) patients among whom 123 (64%) also received RBV. Treatment duration was short (12--16 weeks) in 119/193 (62%) (12 weeks in 71 patients) and long (17--26 weeks) in 74/193 (38%) patients (24 weeks in 66 patients).

In the mITT group, SVR12 was obtained in 177/193 (92%) of those treated with SOF + DCV +/-RBV. SVR12 rates did not differ between those who received shorter versus longer treatment duration (111/119 (93%) and 66/74 (89%) respectively. Nor did it differ between those who did and did not receive RBV (115/123 (93.5%) versus 62/70 (88.6%), respectively). However, among those who received short treatment there was a trend towards higher SVR12 rates in patients who received RBV compared with those who did not (78/81 (96%) and 33/38 (87%) respectively; p = 0.055). In further bivariate analyses, SVR12 was independent of age, gender, treatment experience, the presence of cirrhosis, the presence of decompensated liver disease and liver elasticity.

SOF+DCV was administered to 20 patients with Child Pugh B or C and SVR was achieved in 17 (85%) of these. Treatment duration was 24 weeks in 15 (75%) and 12--16 weeks in 5 (25%) patients. RBV was administered to 12 (60%) patients.

Discussion {#sec014}
==========

In this real life Scandinavian SOF based HCV treatment study of patients with HCV genotype 3 infection, many with advanced liver disease, SVR12 was achieved in a 92%. Hence, 96% of non-cirrhotic patients achieved SVR12, which is in line with earlier studies reporting SVR12 rates between 87% and 97%, \[[@pone.0179764.ref007], [@pone.0179764.ref009], [@pone.0179764.ref018]\]. Furthermore, 89% of patients with cirrhosis achieved SVR12, an impressive cure rate since many of the cirrhotics had decompensation. The SVR12 rate in cirrhotics is higher than that reported in phase 2 and 3 clinical trials \[[@pone.0179764.ref009], [@pone.0179764.ref010]\].

Although adherence was not systematically monitored, we speculate that the high SVR12 rate achieved in our study was achieved by high a very high adherence rate generated by close monitoring of experienced nurses.

Only few studies have reported the effect of SOF based treatment in HCV genotype 3 infected patients with decompensated liver disease in a real life setting\[[@pone.0179764.ref019], [@pone.0179764.ref020]\]. In line with our data a German real-life study showed that SVR12 was achieved in 83% of 41 patients with genotype 3 and decompensated liver disease treated with SOF + DCV +/-RBV \[[@pone.0179764.ref019]\]. While the response is better than what was achived in the NHS England Expanded Access Program (EAP) that reported SVR in 68% of 192 decompensated patients with HCV genotype 3, treated with either SOF/LDV or SOF + DCV \[[@pone.0179764.ref021]\]. Recently, Velpatasvir (VEL), a 2^nd^ generation NS5A inhibitor with pangenotypic efficacy, has been approved in Europe and North America in a FDC tablet with SOF \[[@pone.0179764.ref022]\]. Among patients with compensated cirrhosis and HCV genotype 3 infection, 93% achieved SVR12 after 12 weeks treatment with SOF/VEL. However, among those with decompensated liver disease, only 50% achieved SVR12 after 12 or 24 weeks of treatment with SOF/VEL \[[@pone.0179764.ref023]\]. This SVR12 rate increased to 85% when RBV was added, but only 13 patients received this treatment.

The European Association for the Study of the Liver (EASL) does not recommend treating HCV genotype 3 infection with SOF/LDV as LDV has an in vitro activity against genotype 3 substantially lower than DCV \[[@pone.0179764.ref013]\]. DCV was not available for all of our patients during the initial study period, and thus 32 patients were treated with SOF/LDV + RBV for 12--16 weeks of whom 28 (94%) achieved SVR. Among the cirrhotic patients treated with SOF/LDV + RBV 91% achieved SVR. One could speculate that the high SVR rate we observed was caused by SOF+RBV and that LDV contributed only to a minor extent. This, however, is unlikely given the fact that the SVR rate after 12 weeks of SOF + RBV, administered to patients with HCV genotype 3 and cirrhosis, was only 34% in a phase 3 trial \[[@pone.0179764.ref006]\].

Male gender was associated with treatment failure, also when controlling for stage of liver disease. The ALLY-3 study, in which all patients received SOF + DCV for 12 weeks, reported a similar trend \[[@pone.0179764.ref009]\]. We speculate that this may reflect an immunological vulnerability in men which has also been noted in acute HCV infections, where men less often spontaneously resolve the infection than women \[[@pone.0179764.ref024]\].

Since this study is a multicenter, real life, non-randomized cohort study, the results must be interpreted with caution. Notably, no external monitoring of the data was performed. Despite these shortcomings, data obtained in a real world setting are a complement to randomized clinical trials, and provide important outcome data in a broader range of patients, including those with more advanced liver disease who are often excluded from pivotal registration trials.

Conclusion {#sec015}
==========

We found that sofosbuvir based treatment in a real-life setting could offer SVR rates exceeding 90% in patients with HCV genotype 3 infection and advanced liver disease.
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